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OBJECT 

To determine the effect of using inert nose pads and selectively 
assembled modified M91A1 BD fuzes on the ability of T170E3 76 mm HEP-T 
shell to defeat armor plate. 

SUMMARY 

It is well known that Composition A-3 loaded HEP shell are not ef- 
fective at striking velocities above about  1500 fps and at  low armor 
plate obliquities (approximating 0°).    Under such conditions the shell 
filler deflagrates before it  can be detonated by the fuze.     The use of 
inert nose pads to reduce the energy imparted to the explosive upon im- 
pact and of fuze modifications to bring about  quicker and less variable 
fuze functioning time were considered as promising solutions to  this 
problem.     Inert nose pads had been previously tested and been found to 
successfully prevent deflagration at striking velocities as high as 
2600 fps.    As a result of this work, a more extensive series of tests 
using inert nose pads  and fuzes with more consistent and rapid initiation 
times was indicated. 

In the limited number  of tests conducted,  76 mm T170E3 HEP shell with 
inert nose pads and either standard or modified M91A1 BD fuzes produced 
spalls at a striking velocity of approximately 2800 fps and 0° obliquity 
from 3-inch armor plate in all cases.    Against 3-inch plate at 60° ob- 
liquity,  only shell with the inert nose pad  and modified fuze produced 
spalls in all cases  at a striking velocity of approximately 2800 fps. 
Against 4-inch armor plate at a striking velocity of approximately 
2800 fps and 0° obliquity,   only those shell with  inert nose pads and 
modified fuzes produced spalls in all cases.    At a striking velocity  of 
approximately 1100 fps and 0° obliquity,   shell with standard fuzes and 
shell with inert nose pads and modified fuzes both produced spalls in all 
cases from 3-inch armor plate and occasionally from 4-inch armor plate; 
at this velocity and 60° obliquity none of the  shell produced spalls. 

CONCLUSIONS 

T170E3 76 mm HEP  shell with inert nose pads and modified M91A1 BD fuzes 
will consistently defeat 3-inch armor at 0° and 60° obliquity when fired 
at approximately 2800 fps.    These shell and fuzes will also defeat 4-inch 
armor at a striking velocity of approximately 2800 fps and 0° obliquity. 

RECOMMENDATIONS 

Various configurations and heights of inert nose pads should be in- 
vestigated with the purpose of obtaining optimum HEP shell performance, 
particularly at higher striking velocities. 

Standard M91A1 BD fuzes should not be used for tests of HEP shell at 
striking velocities of over 2000 fps. 

REGRADING   DATA   CANNOT   BE   PREDETERMINED 
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INTRODUCTION 

1. Poor and inconsistent results are usually obtained when test 
shell containing HEP fillers are fired at high striking velocities 
(greater than about 1500 fps) and at low armor plate obliquities 
(approximately 0°).  To prevent deflagration  (functioning of the shell 
filler upon impact with the target plate before the fuze has had time 
to act),  which was believed to be responsible for these failures, 
nose pads made of an inert material were consolidated in the nose of the 
shell.     The effect of this technique was to cushion and delay impact 
between the explosive filler and the target, thus allowing more time for 
the fuze to initiate shell functioning. 

2. Results of tests previously conducted   (Ref 1)  indicated that 
76 mm T170E3 HEP-T  shell containing nose pads of 90/10 potassium sulfate/ 
barium stearate or 82/9/9 potassium sulfate/barium stearate/desensitizing 
wax and a main charge of Composition A-3 would not deflagrate and would 
produce spalling at striking velocities as high as 2600 fps.     It was 
evident that a more extensive series of tests should be conducted to 
determine,  for various striking velocities, both the low and high velocity 
functioning characteristics of HEP shell containing nose pads..   At the 
same time,   it was felt that experimentation  should  also cover the use of a 
redesigned M91A1 BD fuze with a more consistent and rapid initiation time. 
Picatinny Arsenal has been instrumental in the development  of such a fuze 
(Refs 2 and 3).   It was assumed that the combination of  an inert nose pad, 
delaying deflagration at the plate, and faster fuze reaction, making the 
shell function in a shorter average time, would reduce the incidence of 
deflagration and increase HEP shell effectiveness. 

3. This report contains the results of an investigation of the per- 
formance of 76 mm T170E3 HEP-T shell containing inert nose pads and 
Composition A-3 when assembled with standard M91A1 BD fuzes and with 
modified M91A1 BD fuzes,  and gives the results  of test firings at both 
low and high striking velocities,   and at both low and high angles of 
obliquity against 3-inch and 4-inch armor plate. 

RESULTS 

4. Four experimental lots of HEP-T shell were loaded,  two  (Lots 
PA-E-18579 and PA-E-18580) with Composition A-3 only and two  (Lots 
PA-E-18581 and PA-E-18582)  with inert nose pads and Composition A-3. 
Lots PA-E-18579 and PA-E-18581 were assembled with standard M91A1 BD 
fuzes and the remaining 2 lots with modified M91A1 BD fuzes.     These 
projectiles were conditioned for a period of  at least 16 hours at a tem- 
perature of 70°F,  were assembled into complete rounds with the propelling 
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charges required to produce the desired striking velocities, and were 
fired at 0° and 60° obliquity against 3-inch plate. The armor plate 
used had Charpy values ranging from 48 to 51 ft-lb at -40°F. The re- 
sults of these firing tests are reported in Ref 4 and are summarized 
in Table 1, p 4, and given in detail in Tables 6, 7> 8, and 9 at the 
end of this report. 

5. A number of  shell from each group were fired at 0° obliquity 
and at striking velocities of about 2800 fps  and about 1100 fps against 
4-inch  armor plate.     The  results  of these  firing tests  are given  in de- 
tail in Table 10.    A summary of  these results is shown in Table 2,  p 5. 

6. Functioning times, from the moment of impact of the shell with 
the target plate till appearance of the flash caused by shell detona- 
tion, were measured for a number of shell in each of the four groups. 
These times are given in Table 3, P 6. 

7. The spall velocities and spall weights were recorded for a number 
of shell in each of the four groups.    These values are given in 
Table 4,  p 7. 

DISCUSSION OF RESULTS 

8. The results summarized in Table 1 indicate that, regardless of 
the type of fuze used,  76 mm HEP shell containing inert nose pads will 
defeat 3-inch armor plate consistently at a plate obliquity of 0° and 
striking velocities of over 2800 fps.     Shell without inert nose pads 
will not produce spalls regularly under these conditions.     It is also 
to  be noted that,  when shell containing inert nose pads are fired 
against 3-inch/0° obliquity armor plate at striking velocities averag- 
ing 2800 fps,  the spalls produced are larger in diameter and  comparable 
in depth to any which have been recorded,  regardless of the striking 
velocity used.    This is  an indication that a greater amount of the en- 
ergy of  the  detonation had been effectively used to cause plate defeat 
in shell of this group than in the other shell tested.     In addition, 
only shell of Lot PA-E-18582  (which   contained nose  pads  and modified 
fuzes)  succeeded in consistently spalling 3-inch armor plate placed at 
60° obliquity at striking velocities of the order of 2800 fps.     It ap- 
pears that, under  conditions  of hifh  striking  velocity and high or low 
obliquity, a marked improvement in HEP shell effectiveness can be ob- 
tained by using an inert nose pad.    A further increase in the function- 
ing efficiency of this type of shell   can be realized by using a modified 
fuze. 
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9. Results of firing tests against 4-inch plate  (summarized in paragraph 
5)  show a definite superiority in the performance of  shell of Lot  PA-E-18582. 
These shell with inert nose pads and modified fuzes defeated 4-inch armor 
plate having a Charpy value of 51 ft-lb at -40°F.     It  appears possible  on the 
basis of these limited tests that 76 mm shell, when redesigned to include 
inert pads and modified M91A1 BD fuzes,  can consistently defeat 4-inch armor 
plate at high velocities and high and low obliquities.     It  is probable that 
the use of inert nose pads and modified fuzes in shell of higher caliber would 
increase the armor-defeating capabilities of such shell. 

10. It  is significant that,  at striking velocities of about 1100 fps and 
obliquities of 60°,  failure to spall was  observed in every group tested.     How- 
ever,  a more careful analysis of the firing data (see Table  5,  P 9) indicates 
that  shell containing inert nose pads did not damage the armor plate to as 
great a degree as  shell without inert nose pads.     Work has been reported (Refs 
2 and 3) in which Composition A-3 loaded HEP shell with modified fuzes were 
fired at striking velocities of about 1000 fps and 60° obliquity.    In these 
firings 16 out of 17 shell succeeded in spalling armor plate.    The seven- 
teenth shell caused a hinged spall on the armor.    % comparison,  very poor 
results were obtained with shell of Lots PA-E-18581 and -18582.     This can 
probably be attributed to the presence of inert nose pads in these shell 
which,  at these low velocities, prevent adequate quantities of  explosive 
from contacting the plate before fuze initiation occurs.     This  decreases the 
amount  of energy transferred to the plate.    At  low velocities,   shell con- 
taining inert nose pads also have a tendency  to skid along the plate making 
it even more difficult for adequate contact  to be established between the 
shell filler and the plate. 

11. Table 1 shows that none of the groups tested at striking velocities 
of approximately 1100 fps and 60° obliquity produced spalls.    Since this in- 
effectiveness of 76 mm HEP shell at high angles of obliquity when striking 
at low velocities may be encountered in other calibers,  all future programs 
for the development  of HEP shell should include tests at high angles of ob- 
liquity over the entire range of  striking velocities likely to be required 
by the using services. 

12. An analysis was made of the fuze functioning time data recorded in 
Tables 6 through 10 and summarized in Table 3.    It was noted that: 

a.    Fuze functioning times were longest at the lower striking 
velocities but,  because recorded data were limited,  no definite conclusion 
could be drawn as  to the effect of plate obliquity on fuze functioning time. 
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b.    At a striking velocity of approximately 1200 fps,  inert 
nose pad-loaded shell assembled with modified M91A1 BD fuzes and 
fired against armor plate at 60° obliquity had faster functioning 
times than the  same shell fuzed with standard M91A1 BD fuzes: 

Standard Modified 
Fuze Fuze 

5 4 

r 

312 248 

12 24 

Shell Tested 

Average Functioning 
Time, microsec 

Standard Deviation, 
microsec 

Against 60° oblique armor plate at a striking velocity of approximately 
2800 fps, inert nose pad-loaded  shell had approximately the  same func- 
tioning times whether they were assembled with standard or with modified 
M91A1 BD fuzes; 

Standard Modified 
Fuze Fuze 

Shell Tested 3* 9 

Average Functioning 
Time, microsec 193 184 

Standard Deviation, 
microsec 8 12 

#A fourth shell,  which had an abnormally 
low functioning time of 46 microseconds, 
was not  considered 

As the striking velocity  increased from about 1200 fps to about 2800 fps 
the disparity in functioning times between shell assembled with stand- 
ard fuzes and shell assembled with modified fuzes decreased.    At 
2800 fps the shell loaded with modified fuzes functioned about % 
faster than standard-fuzed shell while at 1200 fps the former func- 
tioned about 25$ faster than the latter. 

10 

REGRADING   DATA   CANNOT   BE   PREDETERMINED 



|_ 

13. Two  shell containing Composition A-3 and assembled with 
standard fuzes and 3 shell containing Composition A-3 and assembled 
with modified fuzes failed to cause  spalling when fired against 
4-inch armor plate at 2800 feet per second striking velocity.    The 
functioning times recorded for these 5  shell averaged only 31 
microseconds which is a definite indication that  shell functioning 
began as a result  of impact before the fuze could cause initiation 
(Ref 5).     In direct  contrast  is the behavior of a group of 5 shell 
containing inert nose pads and modified fuzes.    These shell 
spalled 4-inch  armor plate in every case and had functioning times 
averaging 167 microseconds.     This indicates  that the effectiveness 
of HEP shell can be increased by using inert nose pads.  Results of 
firing inert nose pad-loaded shell with standard fuzes were poor; 
only 1 of 4 rounds spalled 4-inch armor.     It  appears that because 
of the inferior results  experienced at high  striking velocities 
and high obliquities against 4-inch armor,   the use of standard 
M91A1 BD fuzes should be discontinued in all further tests under 
these firing conditions. 

14. Because of the high cost of press-loading,   efforts have 
been made to develop a castable explosive charge for HEP shell. 
In recent tests (Ref 6),  76 mm T170E5 shell were cast-loaded 
with 75/25 octol  (HiiX/TNT) and fired so as to  strike normal to 
3-inch armor plate.     At velocities of 2000 fps to 2400 fps, 8 
out of 12 of these  shell  (which did not have inert nose pads) pro- 
duced spalls.     In view of these test results,  further work on 
HEP shell containing inert nose pads should include castable 
fillers.    Various configurations and heights of pressed and cast 
inert nose pads should also be investigated. 

EXPERIMENTAL PROCEDURE 

15. The following materials were used: 

a. Composition A-3,  conforming to Specification JAN-C-440, 
31 January 1947. 

b. Potassium sulfate,  conforming to Specification 
JAN-P-193* 20 July 1953*   except for the granulation which was as 
follows: 

0% retained on U.S.  Standard Sieve No.  12 
50* 11 it it it n 25 
16* it it it it ••  50 

7% ti 11 it 11 n 70 
n it it it it •• 100 

n% ti n M ti * 200 
7% through U.S.  Standard Sieve No. 200 
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c. Barium stearate,   conforming to Specification JAN-B-366, 
15 July 1946. 

d. Desensitizing wax,   conforming to Specification 
PA-PD-535,  15 September 1954- 

16. Shell of Lots PA-E-18579 and -18580 were loaded with Compo- 
sition A-3,   in accordance with Figure 1,   in 5 increments of 12,  12, 
10,  6,  and 4 ounces.    Each increment was consolidated with a punch 
2.04 inches in diameter at a pressure of 8000 psi   (13.0 tons dead 
load).     Shell of Lots PA-E-18581 and -18582 were loaded    in accord- 
ance with Figure 2.     One 10-oz increment of 82/9/9 potassium 
sulfate/barium stearate/desensitizing wax was placed in the nose of 
the shell, followed by 4 increments   (12,  11, 7, and 6 ounces) of 
Composition A-3.    Each increment was consolidated with a punch 
2.04 inches in diameter at a pressure of 8000 psi   (13.0 tons dead 
load). 

17. The desensitizing wax used in the inert mixture was chilled 
with dry ice and shredded in a Stokes  oscillating granulator to 
obtain 20-mesh wax.     The potassium sulfate and barium stearate were 
blended with the wax by mixing in a rotating drum. 

18. The fuzes used in Lots PA-E-I858I and -18582 were modified, 
in accordance with  Figure 3, to have an average percussion plunger 
travel of .030 inch ("A" dimension .480 inch).    This is   .060 inch 
shorter than the average plunger travel of the standard M91A1 fuze. 
Plunger travel is  the  distance of travel of the firing pin point 
from the armed position to the sensitive surface of the detonator. 

19. The fuze functioning times were obtained by means of a streak 
camera.    An insulated copper screen was placed against the plate at 
the point  of impact.     From this copper screen a lead was run to a 
Microflash unit connected in series with a high voltage source grounded 
to the armor plate.    When the round was fired,  the projectile shorted 
the copper screen with the plate thus setting off the Microflash unit 
whose flash was recorded on the streak film as zero time.    Timing lines 
of 10-kilocycle frequency were placed on the film by an oscillator.    The 
flash caused by shell detonation was also recorded and the time inter- 
val between the 2 flashes measured.    An intermediate streak caused by 
plate flash was disregarded when measuring the fuze functioning time. 

20. All shell were fired from a 76 mm T124E2 gun  (using M6 pro- 
pellant of Lot RAD-38038 with a web of .0300 inch) at a range of 300 
feet. 
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